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Abstract. The present status of the theoretical estimates of beauty hadron lifetime ratios and of width 
differences and CP-violation parameters in Bd and B s systems is reviewed. In the last two years accurate 
lattice calculations and next-to-leading order perturbative computations have improved these theoretical 
predictions, leading to the following updated results: t(B + ) /t(Bj,) = 1.06 ± 0.02, t(B s ) /r(B ( j) = 1.00 ± 
0.01, T{A b )/r{B d ) = 0.88 ± 0.05, AT d /T d = (2.42 ± 0.59)10~ 3 , Ar s /T s = (7.4 ± 2.4)10" 2 , \(q/p) d \ - 1 = 
(2.96 ± 0.67)10 -4 and \(q/p) s \ - 1 = -(1.28 ± 0.28)10 -5 . 
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PACS. 11.30.Er CP violation - 12.38.Aw Perturbative calculations 
- 14. 20. Mr Bottom baryons - 14.40.Nd Bottom mesons 



12.38.Gc Lattice QCD calculations 



1 Introduction 

B physics plays an important role to test and improve our 
understanding of the Standard Model flavor-dynamics. 

Theoretically, the large mass of the b quark, compared 
to the QCD scale parameter Aqcd, allows to treat in- 
clusive rates in terms of an operator product expansion 
(OPE), with a consequent separation of the short-distance 
contributions from the long-distance ones. Theoretical pre- 
dictions of inclusive rates, therefore, are based on a non- 
perturbative calculation of matrix elements, widely stud- 
ied in lattice QCD, and a perturbative calculation of Wil- 
son coefficients. 

Recently, the contribution of light quarks in beauty 
hadron decay widths (spectator effect) has been computed 
at 0(a s ) in QCD and 0(A QC D/m b ) in the OPE. Based 
on these calculations is the theoretical prediction for both 
beauty hadron lifetimes and B-meson CP-violation pa- 
rameters. Therefore, improved theoretical estimates have 
been obtained, to be compared with recent accurate ex- 
perimental measurements or limits. 



2 Beauty hadron lifetime ratios 

The experimental values of the measured lifetime ratios of 
beauty hadrons are pQ 

t(B+) t(B s ) 

' = 1.085 ± 0.017 , 4r^f = 0.951 ± 0.038 . 



These quantities can be computed from first princi- 
ples, since the great energy (~ mj) released in beauty 
hadron decays allows to expand the inclusive width r(H b ) 
in powers of 1/ m b , by applying the heavy quark expansion 
(HQE)0. 

Using the optical theorem, the inclusive decay width 
of a hadron H bl containing a b quark, can be written as 



1 



■Bisc{H b \T\H b ) , 



(2) 



where "Disc" picks up the discontinuities across the phys- 
ical cut in the transition operator T, given by 



T = 



■ j d*xT(H? f B f\x)H? f B f\Q)) 



(3) 



r{B d ) 



r(A b ) 
r(B d ) 



r(B d ) 
0.786 ±0.034. 
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Hfj B=1 is the effective weak Hamiltonian which describes 
AB — 1 transitions, whose Wilson coefficients are known 
at the next-to- leading order (NLO) in QCD 3 

By applying the HQE, the decay width r(H b ) in eq.0 
can be expressed as a sum of local AB = operators of 
increasing dimension 

r(H b ) = £ {Hb \0^°(jjL)\H h ) . (4) 

' t ill 1 • 



The HQE brings to the separation of short distance 
effects, confined in the Wilson coefficients (c^) and evalu- 
able in perturbation theory, from long distance physics, 
represented by the matrix elements of the local operators 
(O^ B=0 ), to be computed non-perturbatively. 

Up to 0(1/ ml), only the b quark enters the short- 
distance weak decay, while the light spectator quarks, which 
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Fig. 1. Theoretical (histogram) vs experimental (solid line) distributions of lifetime ratios. The theoretical predictions are shown 
at the LO (left) and NLO (right). 



distinguish different beauty hadrons, interact through soft 
gluons only. The local operators appearing up to 0(1/ ml) 
in the QCD HQE are the condensate (bb) and the chromo- 
magnetic operator (ba^G^b) which do not contain the 
light quark field. Their contribution can be evaluated from 
the heavy hadron spectroscopy and leads to the following 
estimates 



r(B + ) 
r(B d ) 



1.00. 



r(B s ) 
r(B d ) 



1.00 



r(A b ) 
r(B d ) 



0.98(1), (5) 



where the uncertainties on the first two ratios, being infe- 
rior to 1%, are not indicated. 

Spectator contributions appear at 0(l/m|) in the HQE. 
These effects, although suppressed by an additional power 
of 1/mb, are enhanced, with respect to leading contribu- 
tions, by a phase-space factor of 16n 2 , being 2^2 pro- 
cesses instead of 1 — > 3 decays 017]. 

In order to evaluate the spectator effects one has to 
calculate the matrix elements of dimension-six current- 
current and penguin operators, non-perturbatively, and 
their Wilson coefficients, perturbatively. 

Last year both the non-perturbative and the pertur- 
bative calculations have been improved. 

Concerning the perturbative part, the NLO QCD cor- 
rections to the coefficient functions of the current-current 
operators have been computed (511511117) . 

Concerning the non-perturbative part, the usual pa- 
rametrization of the matrix elements of the dimension- 
six current-current operators distinguishes two cases, de- 
pending on whether or not the light quark of the operator 
enters as a valence quark in the external hadronic state. 



Therefore, different B-parameters for the valence and non- 
valence contributions are introduced. The reason for this 
parametrization is that so far the non-valence contribu- 
tions have not been computed. Their non-perturbative lat- 
tice calculation would be possible, in principle, however 
it requires to deal with the difficult problem of power- 
divergence subtractions. On the other hand, the valence 
contributions have been recently evaluated, for B— mesons, 
by combining the QCD and HQET lattice results to ex- 
trapolate to the physical b quark mass 1 1 and, for the A b 
baryon, in lattice-HQET [T2|. These accurate results are 
in agreement with the values obtained in previous lattice 
studies (1311141115] and with the estimates based on QCD 
sum rules [T5I|17II18II19| . 

This year, the sub-leading spectator effects which ap- 
pear at 0(1/ mf) in the HQE, have been included in the 
analysis of lifetime ratios. The relevant operator matrix 
elements have been estimated in the vacuum saturation 
approximation (VSA) for B— mesons and in the quark- 
diquark model for the A b baryon, while the corresponding 
Wilson coefficients have been calculated at the leading or- 
der (LO) in QCD [UJ. 

In this talk we update our theoretical predictions for 
the lifetime ratios JU|> which contain NLO QCD correc- 
tions to Wilson coefficients and lattice values for valence 
B-parameters, by including the sub-leading spectator ef- 
fects of ref. [201 • I n this way we obtain 



-(B+) 



-(B d ) 



= 1.06 ±0.02 

NLO 

r(A b ) 



t(B.) 



r{B d ) 



= 0. 

NLO 



r(B d ) 
58 ±0.05 



= 1.00 ±0.01. 

NLO 



(G) 
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They turn out to be in good agreement with the exper- 
imental data of eq. It is worth noting that the agree- 
ment at 1.5ct between the theoretical prediction for the 
ratio T(Ab)/T(Bd) and its experimental value is achieved 
thanks to the inclusion of the NLO (see fig. ^) and the 
1/mb corrections to spectator effects. They both decrease 
the central value of r(A(,) /r(Bd) by 8% and 2% respec- 
tively. 

Further improvement of the T(Af,)/T(B d ) theoretical 
prediction would require the calculation of the current- 
current operator non- valence B-parameters and of the per- 
turbative and non-perturbative contribution of the pen- 
guin operator, which appears at the NLO and whose ma- 
trix elements present the same problem of power-divergence 
subtraction. These contributions are missing also in the 
theoretical predictions of T(B + )/r(B d ) and t(B s )/t(B,i) : 
but in these cases they represent an effect of SU(2) and 
SU (3) breaking respectively, and are expected to be small. 



3 Neutral £? g -meson width differences 

The width difference between the "light" and "heavy" 
neutral _B 9 -meson (q — d, s) is defined in terms of the 
off-diagonal matrix element (-T^i) °f the absorptive part 
of the B — B mixing effective hamiltonian 



n-n 



M 



-Disc(B q \T\B q ) , (7) 



where the transition operator T is given in eq. |3J 

As in the case of the inclusive decay widths discussed 

above, the great energy scale (~ m^) which characterizes 

the decay process allows the HQE of the amplitude in eq.0 

as a series of matrix elements of AB = 2 local operators, 

multiplied for their Wilson coefficients. 

The leading contribution comes at 0(1/ ml) in the 

HQE and is given by the dimension-six AB = 2 operators. 

Up to and including 0(1/ 'mf) contribution, the HQE of 
reads 



Lattice results of the dimension-six operator matrix 
elements have been confirmed and improved last 

year. In order to reduce the systematics of the heavy quark 
extrapolation, the results obtained in QCD have been 
combined with the HQET ones 03 (see fig.©- The effect 
of the inclusion of the dynamical quarks has been exam- 
ined, within the NRQCD approach, finding that these ma- 
trix elements are essentially insensitive to switching from 
rif — to fi/ — 2 31,32 . Lately, the same matrix ele- 
ments have been calculated by using QCD sum rules with 
NLO accuracy |33) . thus achieving a reduced uncertainty 
with respect to previous determinations in this theoretical 
framework [3^1133] , 

On the other hand, the dimension-seven operator ma- 
trix elements have never been estimated out of the VSA. 
However two of these four matrix elements can be related 
through Fierz identities to the complete set of operators 
studied in ref. |3U] . 

The expression of AF q jr q used in the analysis, is ob- 
tained by neglecting (r^/M^f = 0(m\lm\) terms (Mf x 
represents the off-diagonal matrix element of the disper- 
sive part of the B — B mixing effective hamiltonian) and 
reads 



Ar q 



AM, 



r a 



^Re 



1 21 

M q 



(9) 



The updated theoretical predictions obtained in the 
analysis of ref. [22! are 

Ar d /r d = (2.42 ± o.59)icr 3 , Ar s /r s = (7.4 ± 2.4)icr 2 . 

(10) 

The corresponding theoretical distributions are shown in 
fig. 01 where the effect of the NLO corrections can be seen 
to be quite relevant. 

One can see that Ar s is larger than Ar d , the latter 
receiving contributions from channels which are doubly 
Cabibbo suppressed with respect to those contributing to 
AF S , and both agree with the experimental limits 1 

Ar d /T d = 0.008 ± 0.037(stat.) ± 0.019(syst.) , 

Ar s /r s = o.o7l° : ° 9 7) (ii) 



pi _ 

1 21 — 



24-kMb, 
c q M(B q \O q M\B q 



c\(^)(B q \0\(^)\B q 



8 q 



(8) 



where cf([i2) are the Wilson coefficients, known at the 
NLO in QCD. In the case of Ar s the NLO corrections 
have been computed in ref. |22> whereas for AF d the 
complete NLO corrections, including contributions from 
a non vanishing charm quark mass, have been calculated 
this year |22U23j . It is worth noting that the charm mass 
corrections are necessary to take fully into account the de- 
pendence of Ar d on the weak phase, contained in cf , at 
the NLO accuracy. 

{B q \O q (fi2)\B q } are the matrix elements of the two in- 
dependent dimension-six operators, while 6i/ mb represents 
the contribution of the dimension-seven operators |24j . 



within the large experimental uncertainties. 

In order to test the agreement between theoretical and 
experimental values with higher precision, it is impor- 
tant to wait for more accurate measurements from the 
B— factories (Babar and Belle) and from the Runll at 
Tevatron and the LHC. 



4 CP Violation parameters: \(q/p)d\ 

\(q/p)*\ 



and 



The experimental observable | (q/p) q \ , whose deviation from 
unity describes CP-violation due to mixing, is related to 
M q x and -T^, through 



(g/p)„ = 



2Afgi z I^i 
2M 2 i — ir<z\ 



(12) 
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Fig. 2. Extrapolation of AB — 2 B-parameters in the inverse heavy meson mass, by combining QCD (^\2'j,(rnp,mb)) and 
HQET (Bi(mt,),i — 1,2, 3) lattice results. The inclusion of the HQET point has the effect of decreasing the extrapolated value. 




(Ar d /r d )io ; 




Ar s /r s ) 10' 



Fig. 3. Theoretical distributions for the width difference in Bd and B 3 systems. The theoretical predictions are shown at the LO 
(light/red) and NLO (dark/blue). 



which, neglecting (r^/M^) 2 — 0(mf/mf) terms, be- 
comes 



1 



1 



Im 



Ik 



(13) 



By comparing eas.l§land ll3l one sees that the theoreti- 
cal prediction of | (q/p) q is based on the same perturbative 
and non perturbative calculation discussed in section|3J In 
other words \{q/p) q \ — 1 differs from Ar q /r q , a part from 



multiplicative factors, for the presence of "Im" instead of 
"Re", which selects a different contribution from Vckm- 

An important consequence of different CKM contri- 
butions is that (\(q/p) q \ - 1)/AT 9 = 0{m 2 c /ml). In the 
limit m c — > 0, indeed, there are two quarks (u and c) with 
the same charge and degenerate in mass, so that one can 
eliminate the CP-violating phase from Vckm, through a 
quark held redefinition. 
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Fig. 4. Theoretical distributions for \ (q/p) q \ — 1 in Bd and B 3 systems. The theoretical predictions are shown at the LO (light/red) 
and NLO (dark/blue). 



Moreover we have (\(q/p) s \ - l)/(\(q/p) d \ - 1) = 0{\ 2 ) 
(where A is the sine of the Cabibbo angle) and, quantita- 
tively, we find the updated theoretical predictions 

|( g /p) d |-l = (2.96±0.67)10- 4 , 
\(q/p) s \ - 1 = -(1-28 ± 0.28)1(T 5 . (14) 

The corresponding theoretical distributions are shown in 
fig. 0] Also for these quantities, the effect of NLO correc- 
tions turns out to be rather important. 

A preliminary measurement for \{q/p)d\ — 1 is now 
available from the BABAR collaboration pTf>j 

\{q/p) d \ - 1 = 0.029 ± 0.013(stat.) ± 0.011(syst.) (15) 

Improved measurements are certainly needed to make this 
comparison more significant. 



It is a pleasure to thank D. Bccirevic, M. Ciuchini, 
E. Franco, V. Lubicz and F. Mescia for sharing their in- 
sights in topics covered by this talk. I also thank the EPS- 
2003 organizers for the very stimulating conference real- 
ized in Aachen. 
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